Introduction: The objective of this study was to investigate the effect of adding exenatide to
doses, the times taken by the patients to achieve euglycemic control, and the mean amplitude of glycemic excursion (MAGE) at the endpoint were compared between the two groups. The primary endpoint was precise insulin dose differences between groups from baseline to the endpoint.
Results: A total of 36 subjects were admitted as inpatients. Patients in the exenatide add-on therapy group needed less insulin titration time to achieve glycemic control (3.67 ± 1.33 vs. 4.78 ± 1.00 days, P = 0.028) and significantly lower bolus insulin doses than the control group at the endpoint (total bolus, 0.13 ± 0.03 vs. 0.17 ± 0.04 U/kg, P = 0.02, breakfast bolus, 0.05 ± 0.01 vs. 0.06 ± 0.01 U/kg, P = 0.01, lunch bolus, 0.04 ± 0.01 vs. 0.06 ± 0.01 U/kg,
INTRODUCTION
Uncontrolled type 2 diabetes (T2D) is associated with long-term microvascular and cardiovascular complications that are dangerous or even fatal. Euglycemic control is not achieved in patients who require insulin.
Intensive insulin therapy is commonly employed in patients with T2D to keep their blood glucose levels within the target range.
Intensive insulin therapy consists of continuous subcutaneous insulin infusion (CSII) and multiple daily injections (MDI).
Short-term intensive insulin therapy improves blood glycemic control, which is accompanied by the recovery of b-cell function in people with T2D [1] [2] [3] [4] [5] . We recently observed that patients with newly diagnosed or longstanding T2D treated with CSII therapy presented a greater improvement in mean amplitude of glycemic excursion (MAGE), as detected by continuous glucose monitoring (CGM) [6] .
Dramatic blood glycemic excursions may be an independent risk factor for cardiovascular disease in patients with onset T2D [7, 8] . Large glucose fluctuations may lead to the overproduction of superoxide by the mitochondrial electron-transport chain, which induces nitrosative stress [9] .
Exenatide, a glucagon-like peptide-1 receptor agonist (GLP-1RA) that acts as a blood-glucose-lowering agent, is approved as second-line treatment for patients with T2D to achieve euglycemic control [10, 11] . By activating the GLP-1 receptor, exenatide increases insulin secretion and decreases glucagon secretion. Furthermore, exenatide reduces food intake and lowers gastric emptying [10, 12, 13 ]. An evidence-based review showed that exenatide provides various benefits for patients with T2D, including A1C reduction, weight loss, and minimization of the risk of hypoglycemia [13] . In addition, exenatide shows the ability to improve blood glycemic fluctuations. Exenatide therapy in subjects with T2D led to an improvement in glycemic variability (MAGE, as monitored by CGM) as compared with that obtained with glimepiride therapy [14] . Northridge, CA, USA), which was performed as previously described [6, 20] . After the CGM data had been collected, the enrolled subjects were randomized in equal numbers to a CSII-only regimen or to an exenatide add-on to CSII regimen. For the first 2 weeks, the dose was 5 lg exenatide (AstraZeneca, Cambridge, UK) 60 min before breakfast and before dinner, which was then titrated up to a standard dose of 10 lg twice a day until the completion of the study.
The total daily insulin (Aspart, Novo Nordisk, Bagsvaerd, Denmark) dose was 0.5 IU/ kg, which was given in two injection modes: one-third of the total daily dose was given as equal boluses at three meals; the remaining insulin was given as a basal dose. Investigators titrated insulin doses on an individual-patient basis according to the titration algorithm (if the fasting blood glucose level was less than 4.4 mmol/L, the basal insulin dose was reduced by 2 units; if the fasting blood glucose level was within 4.4-6.1 mmol/L, the basal insulin dose was unchanged; if the fasting blood glucose level was within 6.2-7.8, 7.9-10.0, or [10.0 mmol/L, the basal insulin dose was subsequently increased by 2, 4, and 6 units, respectively, and if the postprandial blood glucose level was up, the bolus insulin dose was titrated according to the same algorithm used for the basal dose), as we described previously [6] . After 5 weeks of therapy, the patients were admitted as inpatients to perform retrospective CGM for 3 days. All subjects were instructed to maintain a similar level of physical activity and they received a similar diet and a similar level of carbohydrates during the two CGM periods. In addition, the serum glycated albumin (GA) concentration was measured using liquid enzymatic assays (Lucica GA-L; Asahi Kasei Pharma, Tokyo, Japan) at baseline and the endpoint, as described previously [21] .
The treatment period required to achieve euglycemic control (the fasting capillary blood glucose was less than 6.1 mmol/L and the capillary blood glucose at 2 h after each of three meals was less than 8.0 mmol/L) was recorded for each subject [5, 22] . Changes in insulin dose and body weight following treatment were also analyzed. The 24-h mean blood glucose (MBG), 24-h MAGE, and the incremental areas under the curve (AUC) of plasma glucose[10.0 mmol/L and\3.9 mmol/L were calculated by software provided by Medtronic Inc., and hypoglycemic episodes were also recorded. MAGE was calculated for each patient by measuring the arithmetic mean of the ascending and descending excursions between consecutive peaks and nadirs during the same 24-h period; only absolute excursion values [1 SD were considered, as described previously [6, 20] .
The primary endpoint was the precise insulin dose changes before and after therapies between groups. Secondary endpoints were the changes in MAGE and body weight from baseline to the completion of treatment. The hourly mean blood glucose concentrations, the 24-h MBG, and the AUCs of hypoglycemia and hyperglycemia were also analyzed. P values were two-tailed with a significance level of 5%.
RESULTS

Baseline Characteristics
A total of 36 patients were consecutively recruited to the study and randomized to the exenatide add-on to CSII therapy group (n = 18) or the CSII therapy group (n = 18). In terms of mean values, the patients were 52.57 ± 9.91 years of age, had been diabetic for 11.98 ± 7.83 years, and had a body-mass index of 26.36 ± 3.17 kg/m 2 , HbA 1c of 9.61 ± 1.60%, mean fasting blood glucose of 11.21 ± 2.97 mmol/L, mean fasting plasma insulin of 9.75 ± 8.88 lU/mL, and mean fasting plasma C-peptide of 2.64 ± 0.96 mmol/L. There were no significant demographic differences within groups at baseline (Table 1) . All patients finished the study. 42.04 ± 12.39%, P = 0.00), but we did not observe any difference between the GA levels of the two groups at the endpoint (P = 0.76).
Subject body weight was significantly reduced in the exenatide add-on therapy group from baseline to the completion of treatment (from 75.78 ± 5.14 to 71.33 ± 5.17 kg, P = 0.000) ( Table 2) . Moreover, the reduction in patient body weight in the exenatide add-on group was significantly higher than that in the control group (4.44 ± 2.31 vs. 2.5 ± 1.18 kg, P = 0.02).
Glycemic Fluctuation Profiles
There were no differences in 24-h MBG within (exenatide add-on group 7.06 ± 1.04 vs. control group 7.62 ± 2.09 mmol/L, P = 0.351). We did not observe any significant difference between the exenatide add-on group and the control group in hourly mean blood glucose concentration ( Fig. 1 ) or incremental AUC[10 mmol/L (0.10 ± 0.17 vs. 0.40 ± 1.02 mmol/L day, P = 0.624) at the endpoint (Table 3) . However, CGM data showed that subjects in the exenatide add-on group had a lower MAGE (2.96 ± 1.14 vs.
4.21 ± 1.39 mmol/L, P = 0.012) than those in the control group at the endpoint (Table 3) . BMI body mass index, FPG fasting plasma glucose concentration, FC-P fasting C-peptide concentration, F-G fasting glucagon concentration
Safety and Tolerance
We also compared the incremental AUC\3.9 mmol/L between the two groups.
Exenatide add-on therapy did not increase hypoglycemic episodes (0.01 ± 0.03 vs.
0.02 ± 0.06 mmol/L day, P = 0.624) ( Table 3) .
No episodes of hypoglycemia requiring medical assistance were reported in either group. All therapies were well tolerated by the subjects during the study, and no adverse events were reported in the groups.
DISCUSSION
We conducted a prospective study of patients with uncontrolled T2D and demonstrated that exenatide add-on to CSII therapy could significantly reduce the bolus insulin doses needed and facilitate further improvements in blood glycemic fluctuations. We also found that patients treated with combined exenatide and CSII therapy needed a shorter treatment period to achieve euglycemic control than those in the control (CSII) group at the endpoint, and that combination therapy was associated with minimal hypoglycemia and weight loss.
Exenatide used as either monotherapy or in combination with other therapies has been shown to produce significant reductions in A1C
and improved levels of fasting plasma glucose (FPG) [13, [23] [24] [25] . In accordance with the reduced FPG levels, our CGM data indicated that exenatide add-on therapy to CSII prompted further improvement in blood glycemic excursions (i.e., in MAGE) compared with CSII alone. A study using CGM indicated that patients BW body weight (kg), Total total insulin dose (U/kg), Basal basal insulin dose (U/kg), Bolus (T) total bolus insulin dose (U/kg), Bolus (B) breakfast bolus insulin dose (U/kg), Bolus (L) lunch bolus insulin dose (U/kg), Bolus (D) dinner bolus insulin dose (U/kg) a ** Compared to before exenatide add-on therapy, P\0.01 Fig. 1 Hourly mean blood glucose concentrations in the study groups after therapy treated with exenatide for 16 weeks lowered their total daily mean glucose, SD, and MAGE, whereas those on glimepiride did not [14] . Exenatide in combination with metformin therapy resulted in a significant reduction in glucose excursions from baseline to endpoint in patients with T2D [15] . A 26-week study demonstrated that the addition of exenatide therapy to insulin glargine and metformin resulted in a better coefficient of glucose variation than that obtained with insulin glargine and metformin plus rapid-acting insulin [16] . A previous study demonstrated that, compared with CSII therapy alone, the addition of twice-daily exenatide to CSII in patients with poorly controlled T2D significantly improved glucose control, as monitored by the fingerstick test [17] . In comparison with long-acting GLP-1 RAs, exenatide-the first short-acting GLP-1 receptor agonist (RA) to be approved for use to smooth blood glucose concentrations in patients with T2D-represents a potential treatment for patients who predominantly suffer from postprandial hyperglycemia rather than fasting hyperglycemia [26] . However, long-and short-acting GLP-1 RAs are useful when employed as an add-on therapy for patients who are at risk of hypoglycemia or overweight [26] . In the present trial, we used CGM to assess the blood glucose fluctuations in T2D patients treated with exenatide add-on therapy to CSII.
Our CGM data demonstrated that there was no statistically significant difference within groups in the 24-h MBG or in the incremental AUC\3.9 mmol/L at the endpoint. Subjects in the exenatide plus CSII group had a lower MAGE and incremental AUC[10 mmol/L at the endpoint compared with the control group. Our data led us to a somewhat different conclusion to a previous study which noted a significantly higher standard deviation of plasma glucose in patients with poorly controlled T2D who were treated with exenatide add-on intensive insulin therapy with CSII [17] .
However, the glycemic profile obtained from intermittent fingerpricks has its limitations [18] . Intermittent fingerprick tests usually involve three fasting capillary blood glucose measurements and capillary blood glucose measurements taken 2 h after each of three meals [5] . Thus, 24-h blood glycemic excursions are undoubtedly missed by these point-to-point glimpses of blood glucose. CGM provides a unique opportunity to examine 24-h glucose excursions in T2D patients who have achieved euglycemic control.
Whether exenatide add-on therapy can reduce the insulin doses required by patients to achieve glycemic control is still the focus of debate. In some studies, some patients were able to reduce their insulin doses, especially their bolus insulin with the exenatide add-on shortened the time taken by patients to achieve glycemic control, thus confirming the ability of exenatide to improve blood glycemic fluctuations [29] . Insulin therapy confers an increased risk of hypoglycemia and weight gain [30] [31] [32] .
Exenatide treatment provides a unique opportunity to avoid the risk of hypoglycemia and weight gain during CSII treatment [13] .
Addition of a GLP-1 agonist to basal insulin treatment has the potential to improve glycemic control without increasing the risk of hypoglycemia and weight gain, even in patients with longstanding T2D. However, the long-term durability of this combination therapy requires further investigation [33] . Compared with some conventional therapies, GLP-1RAs present the advantages of reducing appetite and increasing satiety [10, 11, 34] . Even when used in combination with insulin therapy, these benefits were sustained for up to 3 years [35] . Furthermore, in addition to the weight loss, exenatide therapy also has a favorable effect on liver and pericardial fat contents in obese patients with T2D [36] . It is well documented that exenatide add-on therapy does not increase the risk of hypoglycemia [28, [37] [38] [39] . In this trial, we did not observe any increase in the risk of hypoglycemia from baseline to the endpoint for each group.
However, GLP-1 RAs show a greater potential to lower HbA1c in Asian populations than in non-Asian populations [40] . Potential mechanisms for this difference between populations may be that Asian T2D populations have lower BMIs and slimmer waists than their Western counterparts [41] , and also that they have different nutrient intake patterns and life styles [42] .
Our study also has other limitations: firstly, the unblended nature of the study design, which was open to bias; secondly, the sample size was relatively modest; thirdly, we did not observe for a long time period.
CONCLUSION
In conclusion, exenatide therapy as an add-on to intensive insulin therapy with CSII has the ability to reduce the bolus insulin doses needed and to further improve blood glycemic control. Patients with T2D who were treated with the exenatide add-on therapy required less time to International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this manuscript, take responsibility for the integrity of the work as a whole, and have given final approval of the version to be published. 
